to 2000 was the nearly 10 percent increase in area owned by the forest industry, despite the simultaneous decline in the number of forest industry companies in business. In 1975 the forest industry owned 17 percent of timberland, farmers held 10 percent, and 20 percent belonged to other private owners. The National Forests constituted 50 percent of timberland, and 3 percent was in other public ownership (Bolsinger 1980) .The ownership structure, however, changed swiftly. By 1982, 23 percent of timberland was already held by forest industry, 53 percent was in National Forests, and 4 percent was in other public ownership (FRRAP 1988) .
The National Forests in California are mostly located in the northern region. The largest areas of privately owned forests are in Humboldt and Mendocino Counties, but there is also a significant amount of private forestry in Shasta and Siskiyou Counties (California State Board of Equalization 1981 -2000 ).
ROUNDWOOD MARKETS Timber Harvest
Total timber harvest. In 2000 the California timber harvest was 2.0 BBF (2.1 BBF in 1999), and the harvest value was $909 million ($764 million in 1999) . Currently, the majority of the harvested timber volume originates in private forests. In 2000, only 13.5 percent of the volume (265 million board feet [MMBF] ) and 7.6 percent of the harvest value ($69 million) came from public forests. This represents a significant shift from the 1980s when about 40 percent of timber was harvested from public forests (FRRAP 1988 , California State Board of Equalization 1991 -2000 .
The total timber harvest in California was highest in 1955, at over 6 BBF due to the high post-WWII demand for housing. From 1978 to 1985, the average annual timber harvest in California was about 3.4 BBF, just over half of the average from 1950 through 1960. The timber harvest continued to decline until 1982. After reaching a low point in annual average harvest level in 1982, timber harvest volumes increased quickly, almost doubling by 1988. The decline of public timber harvests since the end of the 1980s is due to increased harvesting restrictions on public lands. This has also had a major effect on the total harvested volume in California (Figure 1 ) (FRRAP 1988 , California State Board of Equalization 1991 Equalization -2000 Equalization , 2001 ). Table 2 . Net volume of the growing stock by resource area and species, in million cubic feet (mcf)
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Resource area Source: Waddell and Bassett 1996 , 1997a , 1997b , 1997c , 1997d Consequently, timber harvest values have decreased, following fairly closely the decline in harvest volumes. Yet despite the decline in timber harvest values, timber is still a significant crop in California. Using the 1999 harvest and commodity values, the harvest value for stumpage (i.e., value of standing trees before harvest, transportation, and processing) was $764 million, and timber ranked as California' s ninth most valuable commodity after milk and cream, grapes, nursery products, cattle and calves, tomatoes, lettuce, strawberries, and flowers and foliage. Timber harvest value was more than that of, for example, almonds or oranges (California State Board of Equalization 2001, California Department of Food and Agriculture 2001).
Softwoods

Hardwoods --------mcf--------
Timber harvest by county. The timber harvest values in counties correspond closely to the size of their timberland area. In 2000, the most timber was harvested in Humboldt, Siskiyou, Mendocino, Plumas, and Shasta Counties. Humboldt County alone accounted for almost 20 percent of California' s timber harvest (Figure 2 ). More complete information about timber harvest in thousands of board feet (MBF) volumes in each county can be found in Table 3 In 1990 the largest timber volumes were harvested in Humboldt, Mendocino, Siskiyou, El Dorado, and Trinity Counties. The decline in public harvest during the past decade has affected the total timber harvest, especially in counties with large public forest ownership such as Siskiyou, El Dorado, and Plumas (Waddell and Bassett 1996 , 1997a , 1997b , 1997c , and 1997d Timber harvest by species. Douglas-fir and true fir, with harvests of 453 MMBF and 428 MMBF, respectively, were the most harvested species in California in 2000. These species were followed by ponderosa pine and redwood. Redwood is, however, the most valuable species in California. The value of redwood harvest in 2000 was $390 million, which is about 43 percent of the total timber harvest value for California (Figure 3 ). There were no significant shifts in relative harvest volumes between species in the 1990s. However, Douglas-fir became slightly more predominant toward the end of the decade (California State Board of Equalization 1991 Equalization -2000 Equalization , 2001 .
Stumpage Prices
The trends in average harvest value per 1,000 board feet (MBF) can be seen in Figure 4 . The decline in the mid1990s was partially due to the harvest of smaller quantities of more-valuable, large-diameter timber. The average harvest value increase at the end of the 1990s was in part caused by higher prices for redwood (California State Board of Equalization 1990 -2000 . The average stumpage price of timber from the publicly owned or managed lands in California has decreased since the beginning of the 1990s (Table 4) . Unfortunately, the data series is too short to show whether there was an upward movement in prices similar to that in average harvest values in 1999 and 2000. In general, the USDA Forest Service prices are more representative than the others due to the large volumes sold by the Forest Service. More detailed information on stumpage prices by species for sawtimber sold from National Forests in the Pacific Southwest can be found in Appendix A (Warren 2000 (Warren , 2001 .
FOREST PRODUCTS INDUSTRY
Industry Characteristics
Number of mills. The number of forest product mills in California has decreased significantly in the past few decades, reflecting the consolidation of the forest products industry and the subsequent closures of small mills ( Figure 5 ). This declining trend has been apparent in all branches of the forest industry; the effect of closures on production volume, however, has been uneven across the industry. There were two pulp mills left in California in 2000, but no significant paper production. However, some paperboard and specialty products are produced, and there is a considerable amount of converted paper product manufacturing in California. Recent developments in forestry and in the primary forest industry (e.g., consolidations, mergers, and closings of small, less-efficient plants) indicate that the number of mills will decrease even further in the future as consolidation continues (Ward 1995; Warren 2000 Warren , 2001 .
Forest industry employment. The decline in the number of mills and in the volume of production in California has had a direct effect on employment in wood product manufacturing as well as in paper manufacturing. The decline in employment has followed more closely the trends in production volumes, however, and it has not been as pronounced as the decline in the number of mills. The number of workers decreased for about 20 years until the beginning of the 1990s, but has been slowly increasing since then ( Figure 6 ).
The production of lumber and wood products employs more than half of the workforce in the forest industry, and the recent upward trend in total employment in this industry took place in this sector. Since the 1970s, the number of workers in the paper industry has remained the same at about 40,000 (Warren 2000 (Warren , 2001 .
Employment in the forest products industry plays a vital role in several counties in Northern California (Table 5) . Although the number of people employed in the industry in these Northern California counties is a small percentage of total forest 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 1000s of persons industry employment in California, the economies of these counties have traditionally been very much dependent on the forest industry. In recent years their economies have become more diversified, but forestry and the forest industry are still extremely important. In 1999, for example, the total number of employees in wood product manufacturing alone made up 12 percent of all employment in Plumas County and 11 percent in Tehama County. Forest industry costs. Cost comparisons between 1993 through 1996 and 1997 through 1999 are somewhat difficult due to a switch from Standard Industrial Classification (SIC) codes to North American Industry Classification System (NAICS) codes. Nevertheless, it is still obvious that the raw material costs (about 80% of total costs) both in wood product manufacturing and in paper manufacturing are significantly higher than either payroll (15%) or capital expenditure (5%) costs (Figures 7 and 8) .
Appendix B has more detailed information about industry costs (U.S. Census Bureau 1995 Bureau -2000a Bureau , 2001 ). The cost structures in national and state forest industries are fairly similar except for a slight difference in productivity. In wood products manufacturing in 1999, for example, each worker on the national level contributed about $166,000 to the total value of shipments, whereas in California this figure was $160,000. This difference is probably due primarily to the difference in size of production facilities. In paper manufacturing, the industry structure in California is so different that this kind of com- 1995-2000a, 2001 ).
Lumber Production
Softwood lumber production in California reached its highest-ever level in 1988 at almost 5.7 BBF (Figure 9 ). Production then decreased, falling to 3.2 BBF in 1995. Production stayed relatively stable at or around this level during the second half of the 1990s. In 1999 production was slightly over 3.2 BBF. The estimated wholesale value of this production was over $1.6 billion. Douglas-fir, hem-fir, and redwood have been, and still are, the most predominant lumber species, whereas ponderosa pine lumber production has decreased. Detailed production figures by species can be found in Appendix C (WWPA 1999).
Hardwood lumber is also produced in California, but there are no comprehensive statistics concerning this sector. In 1999, Shelly et al. estimated California' s hardwood lumber production at about 4 MMBF per year.
The value of shipments in sawmilling and wood preservation 4 in 1999 was $1.87 billion, slightly down from 1998 and 1997 (U.S. Census Bureau 1995 Bureau -2000a Bureau , 2001 ).
Board Production
Structural panel board 5 production declined from the end of the 1980s through 1992, and there has been no production since then (Figure 10 ) (Warren 2000 (Warren , 2001 . A limited amount of medium density fiberboard is produced in the state.
The value of shipments in veneer, plywood, and engineered wood product manufacturing 6 in 1999 was $967 million. This constituted a 28 percent increase over 1998 (U.S. Census Bureau 1995 Bureau -2000a Bureau , 2001 ).
Pulp, Paper, and Paperboard Production
Pulp production is minimal in California. In 2000 there were only two operating pulp mills. There is also very little paper production. There are a few paperboard production facilities in the state, mostly producing kraft. There are some production facilities for specialty products and several converted paper product manufacturing plants. The California production of paper and paperboard is insignificant compared to the state' s consumption of those products.
According to the U.S. Census Bureau (2001) , the values of shipments from pulp, paper, and paperboard mills 7 in 1999 was $1.7 billion, and the value from converted paper product manufacturing 8 was $6.9 billion.
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Figure 10. Structural panel board production in California, 1988 (Warren 2000 . 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 Million sq. ft* 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 MMBF MMBF = Million board feet Figure 9 . Softwood lumber production in California, 1988 (WWPA 1999 
Forest Products Markets
The majority of the lumber produced in California stays within the state. For example, in 1999 about two-thirds of the 3.2 BBF of lumber production was consumed in California. Around 20 percent was transported to other western states, and about 10 percent to other U.S. states. Only about 1 percent of California-produced lumber was exported. The most common distribution channels were independent wholesalers: almost 60 percent of production was marketed this way. The main mode of transportation was by truck (WWPA 1999) . Large quantities of lumber are also brought into California from other U.S. states ( Figure 11 ) and from Canada. California is the largest single market for western lumber. In 1999 the state received over 26 percent of all western shipments. At about 2,020 MMBF, most of the imported lumber comes from Oregon, and about 760 MMBF originates in Washington. (WWPA 1999) .
Besides the lumber shipments from the western states, in 1999 about 235 MMBF of southern pine was shipped to California (SFPA Industry Statistics 2000). Due to inadequate statistics, it is difficult to assess how much softwood or hardwood lumber from other U.S. states is exported to California in any given year.
Canada is the world' s largest lumber exporter and a majority of its lumber is exported to the United States. The combined softwood and hardwood lumber exports from Canada directly to California in 1999 were 383 MMBF (Statistics Canada 2001). The volume of Canadian lumber consumed in California probably is significantly higher, but some of the lumber is shipped to California through other states, such as Washington and Oregon, and so appears in volumes received in California from these states. Lumber is also imported from other countries, but documenting these trade flows is difficult because most countries do not separate the U.S. states in their customs statistics; they simply show total exports to the United States.
Information concerning markets for boards, paperboard, and other specialty products are not readily available. Due to the scale of these operations, it is likely that most of California' s production is also consumed in California.
Energy Production
The California forest industry also produces energy from woody biomass (Figure 12 ). The peak years in the biomass energy industry came in the beginning of the 1990s when more than 10 million tons (5.5 million bone dry tons) per year of solid waste were converted into 3 percent of the state' s electricity supply of 240,000 gigawatt-hours (GWh) (Morris 1999 , California Energy Commission 2001 . In 2000, the in-state biomass and waste-based installed capacity was 936 megawatts (MW), with actual energy generation of 6,000 GWh, about 2 percent of the total electricity generation in California. Energy generation had risen slightly from 1999, when 5,700 GWh were produced from biomass and waste. Sufficient resources are available to allow these numbers to increase substantially: the total estimated biomass resource potential of California is approximately 47 million bone dry tons (California Energy Commission 2001 , 2002 . The California Public Utilities Commission' s initial 1994 proposal to restructure the electricity market and the subsequent passing of comprehensive electricity utility restructuring legislation 
ECONOMIC IMPACT OF THE FOREST PRODUCTS INDUSTRY California
The direct economic impact of the California forest products industry in terms of jobs created, wages paid, and tax revenue generated is fairly small in the state economy. The indirect effects, however -that is, the multiplied amounts of income, employment, and sales in other industries and sectors as a result of economic activity in the forest industryare more significant. The greater the interdependence of different sectors in the economy, the greater the multiplier effects.
We have chosen to use the IMPLAN 9 system to calculate the multiplier effects of the forest products industry in California. These multiplier effects include the processing of California timber into final products and also the processing in California of timber or already-processed wood products from other states into final products.
A summary of the economic effects of the forest products industry in California is included in Table 6 , and more detailed results can be found in Appendix D. In 1999, the amount of personal income in California generated directly or indirectly as a result of economic activity in the forest products industry was almost $12.4 billion 10 . The comparable figure for 1992 was $11.4 billion. Nevertheless, in 1999 the number of workers employed in the forest products industry or in other sectors as a result of the economic output of the forest products industry was 227,000, as compared to more A third measure used for economic impacts, besides personal income and number of jobs, was value added. The total value added corresponds to the value of goods and services sold by the sector in question minus the cost of inputs and services, without labor, required to produce those goods. The value added in 1999 was more than $13.3 billion, whereas the 1992 value added was more than $12.2 billion (McWilliams and Goldman 1994).
--------------------$1000--------------------
The forest products industries represent a small percentage of the overall California totals. Using any of the three measures, the industry' s contribution to the California total is only about 1 percent for 1999.
Northern California
Although the significance of the forest products industry is fairly small at the state level, it is extremely important to many local economies in Northern California. In 1999 in so-called timber counties, the forest products industry generated about 13 percent of personal income (about 18 percent in 1992), 11 percent of value added (about 16 percent in 1992), and 16 percent of jobs (about 22 percent in 1992) ( Table  7) . More detailed information can be found in Appendix E (McWilliams and Goldman 1994).
FOREST PRODUCTS CONSUMPTION Lumber Consumption
The exact consumption of lumber and other forest products is difficult to calculate on a state level since there are no comprehensive public statistics of forest product trade flows across state borders. Therefore, we calculated our estimates for total consumption of forest products in California (Figures 13, 14, 15 , and 16) in two different ways using existing information 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 Million sq. ft. --------------------$1,000------------------- about forest products consumption in the United States as well as population and gross national and state products 11 . All of the figures in this section on lumber consumption show per capita-based consumption: that is, the average U.S. per capita consumption multiplied by the figure for California' s total population. Using this method, we established a total per capita-based lumber consumption in California for 1999 of about 8.5 BBF. The majority of this, almost 6.8 BBF, was softwood lumber, with about 1.7 BBF of hardwood lumber. Consumption grew steadily in the 1990s, especially at the end of the decade. The booming economy and increased building activity caused a rapid increase in lumber consumption. Income-based consumption estimates indicate an even higher consumption rate than the per capita figures. According to incomebased calculations, California lumber consumption in 1999 was about 9 BBF.
Board Consumption
Unlike lumber consumption, the per capitabased total plywood consumption in California stayed relatively constant during the 1990s. In 1999 plywood consumption was about 2.7 billion square feet (bsqft), of which 2.2 bsqft was softwood and 0.5 bsqft was hardwood. Consumption slumped slightly in 1991 and in 1997, but a high level of building activity increased plywood consumption toward the end of the 1990s. As is the case with lumber, 1999 income-based consumption estimates for plywood indicate even higher figures for consumption: about 2.9 bsqft.
Oriented strand board (OSB) has become progressively more popular in the building industry because it is less expensive than plywood and other alternative materials and because of its availability. Oriented strand board consumption was less than 1 bsqft at the beginning of the 1990s, but by the end of the decade consumption was at almost 2.5 bsqft. 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 Million sq. ft. 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 Million pounds Paper Paperboard Figure 16 . Paper and paperboard consumption in California, 1990 California, -1999 11. Due to the lack of comprehensive statistics concerning the forest products trade between individual states, the consumption of different forest products in California was estimated in two indirect ways. The per capita-based consumption was calculated by multiplying the average U.S. per capita consumption with California population: (QUS+MUS-XUS)/POPUS* POPCA. The income-based approach utilizes information about U.S. consumption and California' s share of the U.S. gross national product of the total: (QUS+MUS-XUS)*(GSPCA/GNPUS). The true consumption is very likely to be somewhere between these two estimates (Howard 2001 There was a slight increase in the consumption of particleboard and medium density fiberboard during the 1990s. By 1999 consumption was about 896 million square feet (msqft) compared to about 569 msqft in 1990. The consumption of hardboard and insulating board stabilized at around 620 and 300 msqft, respectively. In 1999 hardboard consumption was 654 msqft and insulating board consumption was 308 msqft.
Paper and Paperboard Consumption
Since consumption of paper and paperboard follows general economic activity fairly closely, it is not surprising that the consumption of paper and paperboard increased in California during the 1990s. Paper consumption in California was about 11.8 billion pounds in 1990 and about 14.2 billion pounds in 1999. Although it is not possible to separate paper consumption into different product groups using this data, consumption patterns in California most likely followed the overall patterns of North America and Europe, for which data are available (e.g., Howard 2001) . In those larger economies, a significant portion of the increase in paper consumption was attributable to an increase in consumption of printing and writing papers, excluding newsprint. The increase in newsprint consumption has been very modest since the mid 1980s (Hetemäki 1999) , most likely due to the increased accessibility of news media and other publications online.
Paperboard consumption was about 11.7 billion pounds in 1999 compared to almost 8.7 billion pounds in 1990. The majority of this considerable increase in paperboard consumption is probably due to an increase in product packaging.
EXPENDITURE ON FOREST PRODUCTS Taxable Sales of Lumber and Building Materials
Figures of expenditure on lumber and building materials were used to study the significance of forest products consumption for consumers. In 1999 the taxable sales of lumber and building materials were $14.1 billion, about 3.6 percent of total taxable sales in California. Per capita taxable transactions for lumber and building materials were $414 (California State Board of Equalization 2000). Although most lumber production in California takes place in about 12 counties in the northern part of the state, almost 60 percent of expenditures on lumber and building materials takes place in Southern California 12 ( Figure  17 ). As shown in Figure 18 , the largest taxable sales of lumber and building materials take place in Los Angeles County, followed by San Diego and Orange Counties (California State Board of Equalization 2000).
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CONCLUSIONS
In 1994 the net volume of growing stock in California was estimated to be 340 BBF, and annual growth was estimated at 8 BBF, or 2.4 percent. The timber harvest in 2000 was 2 BBF, significantly less than the highest timber harvest on record, 6 BBF in 1955, or the almost 5 BBF of 1988. In the 1990s, the downward trend in timber harvest was attributable to the declining harvest of timber on public lands, whereas private harvest levels stayed relatively stable (California Board of Equalization 1991 -2000 ). Consolidation and increasing efficiency in the forest products industry has significantly decreased the number of mills operating in California. The production of forest products and employment in the forest industry in the state, however, have not undergone so pronounced a decline. Both board and pulp production in California have diminished, but, especially since the mid-1990s, lumber production has stabilized at about 3 BBF per year.
The consumption of most forest products increased steadily during the 1990s. For example, estimated lumber consumption in California was almost 9 BBF per year. This suggests that about one-third of the lumber consumed was produced in California. California producers' share of state consumption of other forest products seems to be smaller than for lumber.
The overall economic impact of forestry and the forest industry is not very great in California. The forest products industry contributes only about 1 percent to total personal income, value added, and employment figures in the state. There are considerable regional differences in the relative economic effects of the forest products industry, however. Economic impact results indicate that the forest products industry contributes almost one-sixth of all employment and income in many Northern California counties. 
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Appendix B. California forest products industry costs, 1993-1998 Year Industry* Payroll 
Cost of materials Total capital expenditures
-----------$ million----------
